Abstract Genetic polymorphism as described with angiotensin-converting enzyme gene has been proposed as a putative mediator of diabetic nephropathy. We substantiate the hypothesis that genetic variants of the ACE have significant impacts on diabetic nephropathy. To assess the possible association between the three ACE polymorphic variants and DN in an ethnically homogeneous type 2 diabetic population from Kutch region. A 287-bp insertion/deletion polymorphism in intron 16 of the ACE gene was examined by polymerase chain reaction using a case-control approach conducted with 309 unrelated type 2 diabetic patients of Kutch origin (159 Ahir and 150 Rabari, with [10 years duration of T2DM). Of the patients, 143 had nephropathy {AER[30 mg/day (Ahir, n:73 and Rabari, n:70)} and were considered as cases; all others {n:166 (86 Ahir and 80 Rabari)} were normoalbuminuric (AER\30 mg/day) and were treated as controls. Suitable descriptive statistics was used for different variables. Genotype frequencies in all groups were all in accordance with the Hardy-Weinberg equilibrium. Genotypic distribution was significantly different between cases and controls (Ahir: x 2 :8.87, 2 d.f. p = 0.0118; Rabari: x 2 :11.01, 2 d.f. p = 0.0041). Multivariate logistic regression analysis revealed that DD genotype was a significant and strongest independent predictor of microalbuminuria (Ahir: p = 0.0362, OR = 2.65, 95 % CI 1.89-6.36; Rabari: p = 0.024, OR = 2.81, 95 % CI 1.9-6.65). However, it did not independently change the odds of having macroalbuminuria versus microalbuminuria. Analysis of the association under various genetic models revealed that ACE I/D polymorphic variant contribute to DN susceptibility under recessive mode only. Genetic variation at the ACE locus as D/D variant in intron 16, contribute to an increased risk of nephropathy in T2DM patients but not extent of DN severity, and thus this polymorphism might be considered as genetic risk factors for DN among patients with type 2 diabetes.
Introduction
Diabetic nephropathy (DN), is a multifactorial and polygenic disorder that occurs only in a third to a quarter of all patients with long-standing type 2 diabetes mellitus (T2DM) [1] , which is the largest single cause of end-stage renal disease in recent years [2] , and a medical catastrophe of worldwide dimensions. This is a warning sign for health care system to be vigilant not only for adequate management, but it is of importance to identify the individuals who have higher risk i.e. to identify and target risk factors involved in the development of DN. Besides conventional modifiable (hypertension, smoking, hyperlipidemia, hemodynamic changes) risk factors, non-modifiable (race, genetic background) factors are also widely considered to contribute to an inherent susceptibility to this disease. Among data supporting a strong heritable component is the clustering of diabetic nephropathy in families [3] [4] [5] and the large variation in its prevalence among different population [6] [7] [8] [9] .
The genetic basis of renal complication in diabetes is heterogeneous, suggesting that the contribution from individual genetic factors is modest. During the past decades, despite huge amount of studies suggesting for several candidate genes, no major susceptibility genes have been identified so far, but numerous and extensive analysis in animal models [10] and human studies [11] [12] [13] have evidenced that renin-angiotensin-aldosterone system (RAAS) has a crucial role in diabetic kidney disease, with special attention has been focused on angiotensin-converting enzyme (ACE) gene, encoding a key enzyme in the RAAS that catalyses the conversion of angiotensin I to angiotensin II [14] . This has occurred based on the findings that angiotensin II induces progressive renal injury in DN, in part by increasing cellular growth and proliferation and matrix synthesis, leading to glomerular sclerosis [15] , as well as by bringing changes in renal hemodynamics, such as an increase in intra-glomerular pressure [16, 17] . Blockade of RAAS by ACE-Inhibitors and angiotensin receptor blockers (ARBs) in clinical and experimental studies prevented structural and functional changes in the diabetic kidney, further establishing its role in DN [18] [19] [20] .
ACE gene spans 21 Kb (26 exon) on human chromosome 17q23 [21, 22] , encodes a 1306-amino acid protein, including a signal peptide and manifests a 287-bp repeated Alu sequence insertion (I) or deletion (D) polymorphism in intron 16 forming three possible genotypes: II, ID or DD [22, 23] . This polymorphism was associated with circulating ACE levels [23] [24] [25] and owing to its central role in the regulation of blood pressure, sodium metabolism and renal hemodynamics [16, 17] , it is reasonable to hypothesize that genetic variation of ACE I/D contributes to the development of DN and numerous studies have addressed the role of this polymorphism in the complex etiology of DN, albeit with conflicting results i.e. several studies have demonstrated [26] [27] [28] [29] [30] [31] or refuted [32] [33] [34] the role of ACE D variant as candidates for the development of DN. The discrepant finding among studies is attributed to genetic and environmental heterogeneity among different populations. Therefore, caution should be exercised in extrapolating an association found in one population to others. The presence or absence of an observed association in any ethnic, racial or geographic population may be related to a number of factors including gene-gene and gene-environmental interactions. Indeed, diversity of genetic structure and way of life may lead to different conclusions even in the same country, particularly for multifactorial diseases such as DN and since it has been well established that the Indian population is a mosaic of subpopulations, each region, having its own genetic structure with significant genetic distances between neighboring populations. We therefore opted for the first time to elucidate the possible association between the three ACE polymorphic variants and DN in an ethnically homogeneous Kutchi diabetic adult population, as there is a paucity of such studies in Indian population more so specifically in this region.
Primary outcome for the result was to assess the presence of genetic polymorphisms (ACE I/D) in patients with DN. For that purpose a case-control study was performed of patients with DN and normoalbuminuric controls. Secondary outcomes were to determine the effect of gene polymorphisms on susceptibility and severity of DN. For that purpose both univariate and multivariate analyses were performed.
Materials and Methods

Ethical Consideration
The study protocol complied with the Declaration of Helsinki [35] on biomedical research on humans, and was approved by the Institutional Human Research Ethical Committee. Written informed consent was obtained (after providing a detailed study overview) from all participants prior to their recruitment for the study.
Selection and Description of Participants
This was a case-control study conducted from September 2011 to April 2013. Patient selected for this study included unrelated adult T2DM patients of Kutch origin belonging to Ahir and Rabari community, being treated and followed up in the diabetic clinics at G. K. General Hospital (Gujarat Adani Institute of Medical Sciences), Bhuj (Gujarat). For the present study only patients with at least 10 years duration of T2DM were selected, to avoid misclassification of diabetic individuals as having no nephropathy because of diabetes duration [36] . The history of diabetes mellitus was based on patient self report of a prior physician diagnosis and was under treatment with oral anti-diabetic agents and/ or insulin. In order to exclude patients at low risk of diabetic nephropathy, those without evidence of renal disease despite more than 20 years of diabetes [36] were not eligible to participate in the study. Other criteria for exclusion were, known proteinuria before the onset of diabetes, patients with drug induced nephrotoxic damage or secondary causes of albuminuria such as obstructive renal disease, renal stone disease and acute urinary tract infection; patients with, congestive cardiac failure, preexisting macro-vascular condition, any severe illness (such as malignancy, severe infection, respiratory disease, liver disease), impairment of speech, hearing, vision, or cognition, suffering from a serious diabetes complication, continuous or periodic use of corticosteroids; patients with type 1 presentation, defined as diabetic ketoacidosis, acute presentation with heavy ketonuria ([3?), or continuous requirement of insulin within 1 year of diagnosis [37] ; pregnant females or who had given birth within the preceding 6 weeks, or any medical condition that prevented participants from adhering to the protocol, lack of approval by physician, geographical distance (distance from the place of residence to the hospital of [100 km without the possibility of follow-up) and patients showing disinterest or refusal to sign the consent form. In total, 391 patients (Ahir, n: 203 and Rabari, n: 188) were recruited in the present study. It was based on consecutive, convenient sampling technique i.e. all the patients who fulfilled the criteria in the period September 2011-December 2011 were included and it was ensured that 1:1 matching was done.
Participants' Examination and Measurements
All patients were studied as outpatient. Patients were interviewed for medical and nutritional history. Present and past history of each case was recorded in detail regarding their general information i.e. name, age, sex, address, religion, occupation, economic status, nutritional and personal habits, education, medication and history suggestive of any systemic illness. Each patient was then examined for various anthropometric parameters: weight (Kg) and height (m) were measured (using Omron digital body weight scale HN-286 and SECA 206 wall mounted metal tapes respectively). Body mass index (BMI) was calculated by weight (Kg)/height squared (m 2 ) [38] . Waist circumference was assessed in the standing position, midway between the highest point of the iliac crest and the lowest point of the costal margin in the midaxillary line. Hip circumference was measured at the level of the femoral greater trochanter. Total body fat (%) was measured using bioelectrical impedance analyzer (Omron HBF-362). All anthropometric measures reflect the average of three measurements (measured by same person on same instrument to avoid inter-instrument and inter personal variation). Blood pressure (BP) was measured three times (on different days) in the seated position after 10 min of rest with a standard manual mercury sphygmomanometer (Diamond Deluxe Industrial Electronics and Products, Pune, India) and stethoscope (3M Littmann, 3M India Ltd., Banglore, India) by auscultatory method [39] . The recorded pressure of the three measurements was averaged. Patients were assigned to a category of hypertensive status according to the criteria formulated by Seventh Report of the Joint National Committee, JNC 7 [40] . Age was defined as the age at the time of interview (though no documentary proof had been entertained) and the date of diagnosis of diabetes mellitus was obtained from the patient.
Phenotypic Characterization of Nephropathy
All recruited participants were screened for renal complication due to diabetes and thus were asked to collect a three 24-h urine sample, in space of at least 6 months apart [36] for analysis of albumin excretion rate (AER). Urine collection was carried out during unrestricted daily life activity and was tested for AER by immunoturbidimetric assay (CV%: 3.2) [41] . The patients were divided into two groups depending on the absence or presence of nephropathy in the form of microalbuminuria (AER of 30-299 mg/ day) or macroalbuminuria (AER [300 mg/day) [1, 36] . Patients were considered cases if the AER was[30 mg/day in at least two of the three 24-h collections [42] ; all others were considered as controls.
Sampling and Biochemical Analysis
After an overnight fast of 12 h, venous sampling was done for biochemical determinations and for isolation of DNA. Serum and plasma was separated by centrifugation of blood sample and were subjected for analytical procedures. Glucose (Glucose oxidase method, CV%: 3.4) [43] , cholesterol (Cholesterol oxidase method, CV%: 3.9) [44] , triglycerides (Enzymatic method, CV%: 3.6) [45] , HDL-C (Phosphpotungstic method, CV%: 4.7) [46] , LDL-C (CV%: 3.6) [47] , HbA1c (Immunoturbidimetric method, CV%: 3.9) [48] and creatinine (modified Jaffe's method, CV%: 2.5) [49] were measured in fully automated analyzer (Bayer express plus).
DNA Extraction
Genomic DNA was extracted from peripheral blood leukocytes using commercially available DNA extraction and purification kit from GeNei Diagnostics (Banglore, India) based on standard proteinase K technique [50] and then either stored at -20°C or amplified immediately. All DNA samples were amplified within 3 days following extraction. Before amplification, quantity of DNA in each sample was assessed by measuring the absorption at 260 nm (using molar extinction coefficient of double stranded DNA: 0.020 lg/ml/cm) [51] [52] . Amplification was carried out in a DNA Thermal Cycler (2720, Applied Biosystems) in a final reaction volume of 50 ll containing 50 ng genomic DNA, 20 pM each primer, 2.5 mM each deoxyribonucleotides triphosphate, 1 U thermus aquaticus DNA polymerase, 1.5 mM magnesium chloride, amplification buffer contained 20 mM Tris-hydrocholric acid and 50 mM KCl. The thermocycling profile consisted of 1 min of initial denaturation at 94°C followed by 30 cycles of amplification of denaturation at 95°C for 30 s, annealing at 58°C for 1 min and extension at 72°C for 2 min, followed by a final extension at 72°C for 5 min. Using agarose gel (1 %) electrophoresis, amplified products were separated and distinguished using ethidium bromide under UV light as a 190 bp fragment in the absence of an Alu repeat insertion and a 490 bp fragment in the presence of the insertion (genotypes described as II-490 bp, ID-490?190 bp, and DD-190 bp).
Because the D allele in heterozygous samples is preferentially amplified, mistyping of ID heterozygote as D homozygotes may occur. Thus, each sample which had the DD genotype was submitted to a second, independent PCR amplification with a primer pair that recognizes an insertion-specific sequence (forward 5 0 -TCG GAC CAC AGC GCC CGC CAC TAC-3 0 and reverse 5 0 -TCG CCA GCC CTC CCA TGC CCA TAA-3 0 ) [53] with identical PCR conditions except for an annealing temperature of 67°C. The feedback produced a 335-bp amplicon only in the existence of an I allele and no product in samples homozygous for DD [53] . All listed laboratory analysis was performed at central research laboratory of Gujarat Adani institute of medical sciences, Bhuj (Gujarat) and quality was controlled using standard solutions.
Statistical Analysis
The statistical analyses were performed using a Statistical Package for Social Sciences for Windows version 15.0 (SPSS Inc, Chicago, IL, USA). Data were expressed as mean ± SD (continuous variables), or as percentages of total (categorical variables). Prior to hypothesis testing, data were examined for normality. Non-normally distributed variables were logarithmically transformed before analysis. Two-group comparisons were made using Chi square (v 2 ) for categorical variables and Student's t tests or one-way ANOVA for continuous variables.
The distribution of alleles in studied groups was tested for fitting to the Hardy-Weinberg equilibrium (HWE) (using web base program: http://www.oege.org/software/ hwe-mr-calc.shtml) [54] through testing the difference between observed and expected frequencies of genetic variants using the v 2 goodness-of-fit test. In addition, the strength of the association between DN and the ACE I/D polymorphism was estimated using ORs (with the corresponding 95 % CIs 
Results
During the study period 82 patients were lost to follow-up. Of the remaining 309 T2DM patients, 159 (55.97 % males) belonged to Ahir community and 150 (52.66 % males) were of Rabari community. Table 1 shows the subgroup and clinical characteristics of the study participants. The mean reported duration of diabetes mellitus in the Ahir participants were 13.4 ± 3.1, 14.6 ± 3.9 and 13.8 ± 3.4 years in groups with normo-, micro-, and macroalbuminuria, respectively and there were no significant differences in age (p However, detailed documentation of anitdiabetic, antihypertensive and lipid lowering medication could not be obtained for all patients and hence these data are not reported. Nephropathy patients had a significantly higher levels of HbA1c (p \ 0.034), together with higher plasma creatinine (p \ 0.038) compared to controls, and more severe albuminuria was significantly associated with higher levels of plasma creatinine (p \ 0.05). In patients of Rabari community, the results of above mentioned variables and pattern were similar to those of Ahir participants (Table 1) .
Genotype distribution in T2DM patients with nephropathy and T2DM patients without nephropathy were significantly different in each community (Ahir: Table 2 )}, implying a risk of approximately 2.5 and 3 times higher than the other genotypes in Ahir and Rabari community respectively. Even after categorizing cases on the basis of albumin excretion into micro-and macroalbuminuria the pattern of association remain similar (Table 3) .
To determine independent correlates of the susceptibility and severity of albuminuria, variables with statistically significant associations with albuminuria in the univariate analysis (creatinine, HbA1c, ACE genotype) as well as age, sex, diabetes duration, systolic/diastolic BP (as clinically significant variables) were included in a multivariate analysis. In the model, the DD genotype was a significant and the strongest independent predictor of microalbuminuria (Ahir: p = 0.0362, OR = 2.65, 95 % CI 1.89-6.36; Rabari: p = 0.024, OR = 2.81, 95 % CI 1.9-6.65), thus confirming the association of ACE I/D polymorphism with development of nephropathy, after adjustment for the coavariates. However, it did not independently change the odds of having macroalbuminuria versus microalbuminuria (Table 4) , thereby demonstrating that ACE genotype are of value in predicting DN development rather than DN severity, but the ID genotype did not show a significant association (p [ 0.34). The other variable(s) with significant, independent association with microalbuminuria were HbA1c (Ahir: p = 0.0421; Rabari: p = 0.033) and creatinine (Ahir: p = 0.0484; Rabari: p = 0.031).
Analysis (Table 5 ).
Discussion
In this study, we tested association of ACE gene I/D polymorphism with DN using a case-control approach in two different communities (Ahir and Rabari) from Kutch region, Gujarat (India). We analysed the genotypic and the allelic distributions of the ACE I/D polymorphism between normoalbuminuric controls and DN patients. Genotype data were available for all participants, and in each community, frequency of DD genotype were found to be significantly higher in cases {irrespective of the extent of DN (micro-and macroalbuminuria)} than in control participants (p \ 0.05). Therefore, we suggest that the genetic variation at the ACE locus as D/D variant in intron 16, contribute to an increased risk of nephropathy in T2DM patients, but not extent of DN severity (as the allelic or genotypic distribution was comparable between the two DN groups) in studied population. Our findings were in conformity with other studies [26] [27] [28] [29] [30] [31] but not all [32, 55, 56] . This difference may possibly be due to different races, methods of quantitation and patient selection; as proteinuria in adults is a multifactorial condition frequently linked with diabetes, the issue of whether proteinuria is due to diabetes or some other etiology remains debatable, but there was no uncertainty in our group of patients on the role of T2DM in diabetic nephropathy constitution as we excluded the patients who had proteinuria/renal disorders before their diabetes was diagnosed, thus we confined our study to diabetic kidney diseases. The potential effects of ACE gene polymorphism was viewed from two perspectives, firstly, susceptibility to DN and secondly, severity of DN. Since this is an observationalanalytical-retrospective study, in order to derive a more comprehensive estimation, we employed two strategies: To assess the association of ACE I/D polymorphism and DN susceptibility, we compared normoalbuminuric patients with microalbuminuric patients, whereas to address the second prospective, patients with macroalbuminuria were compared with microalbuminuria. In the present study, we had the advantage that the three groups of patients were closely matched in a long list of potentially confounding variables (Table 1) , which made it easier to compare the extent to which each subject was previously exposed to the variable of interest. Although longer T2DM duration was seen in the DN patients versus normoalbuminuric patients (with macroalbuminuric patients having lower disease duration than microalbuminuric patients), it did not attained statistical significance (p = 0.052), conflicting with previous findings [57] [58] [59] that longer T2DM duration increases the risk of DN development. However, in our study univariate analysis revealed that in addition to ACE genotype, significantly higher HbA1c [59] [60] [61] , and creatinine levels [58, 59, 61] were associated with renal injury, in accord with other studies on DN development.
To assess the independent role of studied variables as a potential determinant, we employed multivariate regression, in which we included age, sex, B.P. and diabetes duration (as clinically significant variables) along with variables with significant associations in univariate analysis (creatinine, HbA1c, ACE genotype) in the covariate list of regression analysis. Although the cases and controls in our study were similar in age, sex, B.P. and diabetes duration, we considered these variables as potential confounders in multivariate analysis to prevent missing any significant, confounding effects. Our results showed that the effect of the DD genotype persisted even when controlling in multivariate models for known covariates that are associated with microalbumin excretion (Table 4) .
To the best of our knowledge, this is the first report of the association between the three ACE polymorphic (Table 5) . Thus, the contribution of ACE gene polymorphism to the heritable part of risk for diabetic nephropathy seems important, and is supported by findings from published meta-analyses [28, 62] along with other studies done among Indians [31, 63] , Japanese [29] , French [64] , Egyptian [65] and Taiwan [27] diabetic patients. However, our results do not coincide with studies done among Chinese [66] , Tunisian [55] , French [56] , Turkish [34] and Iranian [67] diabetic cases. This discrepancy in polymorphisms association studies may be reconciled by several factors, with ethnic/racial and geographic differences being a potential reason i.e. it is possible that the potential genetic effects on risk of complex diseases are different across various ethnic populations; which is further exemplified by D allele frequency of at around 0.6 in Ahir & Rabari DN patients respectively (Tables 2, 3) , corresponding with reports among Europeans [24] , Tunisian [68] and Caucasians [69] but lower values were reported in Asians (0.38) [70, 71] , Chinese [72] and Pima Indians (0.29) [73] , suggesting an ethnic difference. Therefore, the difference between the significant association among one population and null effects among other may not be surprising. Hence, we confirm that ethnic differences should be accounted for when studying the ACE gene. However, it has also been suggested that the main effects of the individual loci might be too small to be observed and that loci may contribute to the complex diseases only by their interaction with other genes [74] . Thus, it is possible that ACE I/D polymorphism affects the outcome through a linkage disequilibrium with other causative genes or polymorphisms, due to which, positive association will be found in populations with tighter linkage but not in populations with weaker linkage. In this respect, to clarify the significance of this gene polymorphism, we recommend a large-scale prospective cohort study and should preferentially focus on gene-gene and gene-environment interactions as well as haplotype analyses which may eventually provide a better, comprehensive understanding of the association between the ACE I/D polymorphism and nephropathy risk. In the interim, our analysis indicated that genetic variation at the ACE locus as D/D variant, contribute to an increased risk of nephropathy in T2DM patients but not extent of DN severity and thus can be used as genetic marker for the susceptibility to DN.
Nonetheless, this study has few limitations. Firstly, the study involves a small sample size; still results of our study are particularly relevant, as our trial fulfils the criteria of a good genetic association study suggested by Hattersley et al. [75] . Secondly, the design was cross-sectional and therefore cannot provide causal relationship, for which longitudinal studies are required. Thirdly, the proxy definition of diabetes mellitus was used in the study and auto antibodies screening such as Anti-GAD (glutamic acid decarboxylase) analyses were not assessed for patients. Other limitations include those inherent to patient reliability or compliance in complete urine collection and finally, lack of treatment details (use, duration of ACE inhibitors and their dosages) of the patients is a minor limitation as treatment with ACE inhibitors or ARBs does not influence genetic polymorphisms. In spite of these limitations, our study provides more definitive support for the role of ACE polymorphisms in diabetic nephropathy than the many previous cross-sectional studies and the results provide important information for clinical practice, which have implications for the care of patients with diabetes.
